This article presents an attempt to operationalize the concept of "best practice", as applied to project-based interventions to expand energy access in developing countries. To this end a methodology has been developed to quantify project performance across five dimensions, each informed by three key indicators, and aggregate these into a composite indicator, using weights obtained from a survey of experts. The experience demonstrates the inherent limitations in developing a 'one-size-fits-all' methodology, revealing the implicit tension between the political desire to refer to objective, absolute, measures of best practice vs.
Furthermore, over three billion people are dependent primarily on traditional solid fuels (GEA, 2012) . There is a well-established academic literature on how energy access can reduce poverty and empower rural development in direct and indirect ways and the importance of access to modern energy is well recognized by the global community (Ostojic et al., 2011; UNDP, 2012; UNDP, 2011; Practical Action, 2010) . While numerous studies have sought to develop assessment criteria for project-level interventions aimed at increasing energy access, there has been no attempt to develop and apply the concept of "best practice" to energy access interventions. The concept of "best practice" has been applied in numerous fields and is often derided for being used as little more than a buzzword by development 1 Primary energy carriers can be explained as an input to the appliances that produce the energy services in this report: i) Electricity: provided by a grid, stand-alone generation or battery supply; ii): Fuel: in solid, liquid or gaseous states that are combusted in appliances in order to deliver the energy service (UNDP, 2012) .
practitioners and policy makers. At the most basic level, best practice is a means to evaluate the performance or outcome of a specific programme, activity, strategy or method (CCF, no date). However, a diversity of related concepts and terms has emerged including successful practice, good practice, promising practice and smart practice. These vary is their degree of 'hard' criteria-backed assessments, with some based on little more than "initial evidence of effectiveness" (Snyder et al., 2012) or expert opinions regarding 'what works'. Most of these terms imply relative measures, whereas best practice can be both relative and absolute, when measured against a pre-defined 'ideal' scenario. Either way, best practice strives towards standardization, especially in management practices, and is commonly defined as the most efficient and effective means to accomplish a task or achieving a goal (Paul, 2008) . Indeed the benchmarking aspect of 'best practice' likely explains its strong political currency and popularity.
In this article we present an attempt to develop and apply a measure of best practice, where specific energy access interventions (projects) are assessed against the best possible outcome.
The application of best practice can be seen as a form of measurement and reporting, which are recognised as essential components in efforts to accomplish universal modern energy access and support policy making (Bazilian et al., 2010) . In turn, the procedure of monitoring and reporting progress towards improving energy access is instrumental for public accountability (Birol and Brew-Hammond, 2012) and (Fransen et al., 2008) point out that a robust measuring and reporting mechanism will help in:
• Improving the availability of information about the range and impacts of actions that countries are taking to increase access to energy
• Helping countries clearly delineate and monitor actions they can take to meet their agreed target
• Increasing awareness among countries of policy options and best practice
• Enhancing the effectiveness of implementation of such policies at national and local levels, and the credibility of all countries' efforts ESMAP's energy access report (ESMAP, 2012) integrates the concept of "best practice" into the provision of access to clean energy for the urban poor in four countries and evaluates various cases to identify common barriers and highlights options to overcome them. Though ESMAP provides lessons to scale up and accelerate the implementation of these energy access interventions for further study, it does not include a comprehensive framework or approach to measure energy access cases and to identify "best practice" in rural areas, which is the focus on this article.
In conclusion, we note that the concept of "best practice" is useful for maintaining the momentum of ensuring universal energy access for all. The concept of "best practice" in this study represents a valuable concept for qualifying the performance of energy access interventions. That is, it could track, measure and report interventions that expand access to modern energy services.
Characterizing, Measuring and Evaluating Energy Access Interventions
A considerable body of literature exists on energy access, mostly focusing on case studies that provide relevant lessons and principles (Jones, 2010; Ostojic et al., 2011; Birol and Brew-Hammond, 2012; Joseph, 2011; IEA, 2011; ESMAP, 2012; Ekouevi and Tuntivate, 2011; Practical Action, 2009 ). The UNDP (UNDP, 2010) clarifies the role of universal clean energy access in achieving the MDGs, highlighting the importance of "strengthening national policy and institutional frameworks; mobilizing financing options; developing effective approaches for scaling up delivery at the local level". In addition, the World Bank's Africa Renewable Energy and Access Programme (AFREA) provides lessons related to household energy access, such as the importance of public awareness campaigns as a prerequisite for successful interventions, that improved stoves users' needs and preferences should be given priority, and that in order to disseminate household energy access the durability of technology is a key factor (UNDP, 2010).
By reviewing available literature it is difficult to isolate, aggregate and integrate the main energy access interventions to inform the concept of "best practice". In addition, a simple but effective evaluation and measurement approach for energy access is currently missing (Ilskog, 2008) though there have been numerous attempts to conduct comprehensive measurements on energy access as opposed to expanding energy access interventions (Practical Action, 2012; Practical Action, 2010; SE4ALL, 2012; Gómez and Silveira, 2010; IEA, 2012) . We pursue a concept of "best practice" to provide a relative measure of interventions rather than the absolute degree of energy access achieved. As such, we develop an in-depth parameterized evaluation methodology to address these issues, providing decision makers with a tool to track the performance of energy access interventions.
A number of studies provide guidance for the design of metrics, both within and outside the field of energy access. Possible metrics for measuring and reporting on energy access include: single indicator, dashboard of indicators, composite index and multi-tier. In this study, we seek to combine information across several different dimensions into values that can be compared and analysed. Therefore it seems appropriate to use a composite indicator.
Composite indicators have proven to be convenient in benchmarking or monitoring performance and setting policy priorities (OECD and JRC, 2008) , despite certain shortcomings that arise from the need to make assumptions and simplifications that building composite indicators requires (Bazilian et al., 2010 offers a good discussion).
Following these observations, we set ourselves a two-stage goal for this study:
1. to operationalise the concept of best practice as applied to project-based interventions that seek to expand energy access in developing countries, and 2. to build a composite index for qualifying and comparing the performance of energy access interventions within the best practice framework.
To illustrate the functionality of the index, we conduct an example valuation of Energy Access Interventions using several real-life case studies. The testing of the method is based mainly on the publicly available information in the Global Network of Energy for Sustainable Development's (GNESD) Energy Access Knowledge Base (GEAKB) (GNESD, 2013b) .
In the next section we present the proposed "best practice" framework and the methodology used to build a composite indicator for measuring the performance of energy access interventions. The case studies are presented in Section 3.
Methodology
In this section we present the concept of "best practice" that we apply in evaluating energy access interventions (EAIs), defining a multi-dimensional framework for measuring the quality of EAIs corresponding to electrification and modern cooking solutions. Integrating this concept of "best practice", we then develop the composite index for EAIs, used to characterize and measure their impacts. The process of development for the index consisted of several iterations, but it can broadly be divided into the following steps (OECD and JRC, 
Theoretical framework
Compounding the difficulty of understanding energy access is the wide range of factors involved in energy access interventions. Therefore, it is helpful to divide the performance of energy access interventions into different dimensions (or areas), which all play a role in the integral performance of a given intervention. Before we attempt to obtain an objective and reasonable measurement and evaluation of energy access interventions, we analyse the dimensionality of these interventions.
Previous studies have mostly focused on a single dimension of the energy access issue, such as adequacy (or availability above a minimum threshold quantity), physical availability of energy carriers, affordability, quality and reliability (Pachauri, 2011) . Meanwhile, other work has translated definitions of sustainable development into the provision of modern energy services terms (IAEA, 2005) . Most models provide a specific perspective by focusing on particular objectives. Building upon the integration of sustainable development with energy access issues, Shyu (2010) categorized four aspects to analyse the implementation of the Township Electricity Programme in China: technical, financial, human resource, and institutional (Shyu, 2010) .
Based on a select literature review of energy access programmes from multi-dimensional approaches (Bhattacharyya, 2012a; Ilskog, 2008; Ilskog and Kjellström, 2008; Yadoo and Cruickshank, 2012; Bhattacharyya, 2012b; Fuso Nerini et al., 2014) , we find most of the assessments have in fact used five dimensions: technical, economic, social, environmental, and organisational/institutional/political. Due to the close linkage between institutional, organisational and political dimensions, in our study we propose to merge them into one overarching dimension "political". In addition, in the sustainable development context, it is beneficial to focus on overall financing framework of activities within the initiative and its ability to remain sustained beyond the time horizon of the initiative itself. Therefore, in this study, we propose to use a "financial" dimension which focuses only on access to project financing, and not on the project costs of the initiatives themselves. In short, we propose to use five assessment dimensions in this study: social, political, financial, technical, and environmental. We assume that these areas are equally important.
Selection of indicators
Following on from the five dimensions identified for the assessment tool, this section aims to set and assign well-defined indicators. While a number of indicators have been suggested in the past for assessing energy access, a greater number of indicators does not necessarily result in better measurement and reporting (Bhattacharyya, 2012a) . On the contrary, the evaluation and assessment processes are simplified and more operational if a manageable set of relevant indicators is employed. Firstly, it is necessary to avoid overlaps and redundancy in an indicator list. We aimed to create a set of indicators that would be easy to understand and specific, but at the same time flexible enough to be adapted to the various interventions.
These principles in indicator selection are needed to ensure that the resulting tool is robust and suitable to evaluating EAIs from the "best practice" perspective. The proposed set of indicators is shown in Table 1 .
We draw upon both qualitative and quantitative indicators. Quantitative indicators are used to measure phenomena that lend themselves to numerical information, such as GHG emissions and job creation. Qualitative indicators are mainly used for determining the level of progress towards a specific goal, based upon narrative findings from case studies that are subject to differing perspectives, rather than objective measures. For example it is difficult to select a quantitative indicator of public attitude since the term itself is highly subjective.
Evaluation of indicator performance
The resulting composite indicator should be applicable in the evaluation of past and future interventions. This means that it should be easy to use and require as little extra resources as possible. For this reason we propose the use expert judgement to evaluate all indicators, on the same scale. This achieves two benefits: first, it does not require any complex and costly quantitative data collection, and secondly, the data does not require further processing in terms of normalisation. This also fits well with the original purpose of the study to make sure that the indicator reflects the best practice concept. The intervention induces high stress and has a large impact on local ecosystem
The intervention induces some stress and has some impact on local ecosystem
The intervention induces minimal stress and impact on local ecosystem
The Intervention protects the ecosystem without any stress on it 2 Greenhouse Gas(GHG) emissions
The GHG emissions increase due to intervention, for instance, using conventional fossil fuel
The intervention does not reduce or increase GHG emissions
The intervention reduces GHG emissions by a small amount
The intervention reduces GHG emissions by a medium amount
The intervention significantly reduces GHG emissions 3 Air, land and water quality
As a result of the intervention, a great amount of pollutants are emitted to air, land and water, and serious negative effects are observed
The intervention has some negative impact on air, land and water quality, which threaten the availability of such resources
The intervention has minimal negative impact on air, land and water quality
The intervention has no negative impact on air, land and water quality
The intervention improves the air, land and water quality of local area Based on the above, we evaluate indicator performance according to the Likert scale.
This operates according to five levels: 1 = very poor, 2 = poor, 3 = fair, 4 = good, and 5 = very good (Allen and Seaman, 2007) . A score of 5 is tantamount to the 'best practice'.
Working backwards from 5, scores reflect an ever-decreasing resemblance to the best practice, and 1 implies a negative effect under each dimension, i.e. that the stated intervention resulted in an observable decline, for the given indicator. Table 1 shows the full list of indicators along with the possible values they can take depending on their performance. It is important that the evaluation is consistent across the different initiatives, therefore each score (1-5) is accompanied by an explanatory note.
Weighting
Indicators are weighted to show their relative importance to the evaluating party. The higher the weight the more important the indicator is considered to be, in this case, to the effectiveness of Energy Access Intervention. The weights indicate how much each indicator matters, in other words, how much higher the value of one indicator needs to be in order to compensate for a lower value of another indicator.
Weights can be assumed equal if all the analysed indicators have equal importance. For example, we assume weights of all dimensions equal for the purposes of this study (social, political, financial, environmental, and technical). Otherwise weights can be allocated using participatory methods such as budget allocation evaluation, or statistical methods (e.g. data envelopment analysis, factor analysis). Statistical models are used to determine the weights in such a way that would place greater importance on the indicators where better quality data is available, and to account for possible correlations. In our case it is important to ensure that the weights reflect the stakeholder views and priorities, which is best determined by participatory methods. Moreover, the way we define indicator scoring means that the data quality is uniform among different indicators. Therefore, we used a participatory method to define weights of indicators within each dimension.
Providing a weighting for the five dimensions themselves was beyond the scope of the study and hence the five dimensions are assumed to be equally important (similar assumption is used in calculation of HDI (UNDP, 2013).The indicators within each dimension were analysed separately, as some may be more or less important to how successful an intervention is from the point of view of that dimension (e.g. social). This means that a budget of 100 points was given to each dimension and experts were asked to allocate them among the indicators based on their experience and judgement of their relative importance as to how successful an EAI is. The overall weight for each indicator was obtained by averaging all expert responses and scaled so that: ∑ = 1, for each dimension j, where "i" are indices within the dimension.
To obtain expert opinions regarding the relative importance of each indicator, a questionnaire was designed and sent to the GNESD contacts list, as well as staff at the UNEP DTU Partnership. A total of 10 answers were obtained. The weighting exercise could be further improved by expanding the expert group, and ensuring they have a good understanding of the context, which was not necessarily known to all the experts in detail. The results of the weighting step are shown in Table 2 . it is necessary to have a full set of countries, initiatives, etc. to be evaluated at the time of analysis. In our analysis, we do not consider non-compensatory approaches because:
1. The values of indicators are all expressed qualitatively, and the data format is uniform 2. The indicator for Quality (with reference to "best practice") of Energy Access
Interventions should be relatively simple to use and easy to calculate for any newly completed EAI.
Therefore we assume that the disadvantages in one dimension or indicator can be compensated by better performance in another. In order for these methods to give a meaningful final index, it is also necessary for there to be no conflict or synergy among indicators. The choice between linear and geometric aggregation depends on the perspective of how much reward a better performance should receive. Linear aggregation rewards subindicators in direct proportion to the weights, which implies full compensability. Meanwhile geometric aggregation gives higher reward to better scores, and "punishes" low scores. The linear composite indicator value for a particular incentive would be calculated as:
Equation 1
Meanwhile the geometrically aggregated composite indicator is expressed below:
Here N is the number of sub-indicators, w i are weights for each indicator, and P i are scores
(performance values) for each indicator.
In our case we need to decide how to aggregate indicators within each dimension, and then how to aggregate the dimensions themselves. That is, as a first step, we need to calculate Social, Political, Financial, Technical and Environmental indices for an intervention, and secondly to obtain a single value by combining all these dimensions. We argue that the use of a geometric aggregation in both steps would be more appropriate, as it rewards more balanced incentives, rather than those that are particularly good in one aspect and lacking in another. This is important both within and between dimensions. Therefore our proposed procedure for calculating the Energy Access Intervention Quality Index consists of two steps:
Step 1. Calculate dimensional indices for each dimension j, given weights w ij and scores P ij for dimension j and index i within the dimension:
Step 2. Combine the dimensional indices into the overall Composite Energy Access Intervention Quality Indicator:
Equation 4 It is important to ensure that all performance values are strictly positive. When geometric aggregation is used, raw indicator values can be used as normalised values. Due to the scale used to evaluate performance, this is preferable as it will avoid values going down to zero. In this way an intervention that is deemed to follow "best practice" will result in an EAI value of 5. All the sub-indices will also have values of 5. An example of valuation using this procedure and alternative options will be discussed using case studies in section 3.
Visualisation
The pentagonal diagram provides a visual representation of the level of development under each dimension. The central point of the pentagon, where the lines meet, symbolizes a negation of the best case scenarios, while the outer perimeter represents the 'best practice' (Figure 1 ).
Figure 1:
The pentagon of an ideal ('best practice') energy access intervention
Constraints and Assumptions
There are a number of assumptions and constraints surrounding energy access issues that need to be identified and discussed.
Energy services categories
The case study material available in the GEAKB refers mainly to electrification and modern cooking solutions, on which enough documented evidence is available. Therefore, to simplify this study, mechanical power will not be taken into consideration, and so the whole study is a measurement of access to electricity and cooking solutions as the key means to achieve universal modern energy access. Following the description provided by SE4ALL, the levels of EEAI range from global to regional and then to national (Birol and Brew-Hammond, 2012) . However, in the present study, we only operate at the global scale to clarify and make robust the concept of "best practice", meaning that some specific national indicators are not taken into account.
Implementation level

Targeted Areas
Due to the multi-tier nature of energy access, it is essential to estimate the baseline of access to energy services before specific interventions can be evaluated. The approach taken by the UN Secretary General's Advisory Group on Energy and Climate Change (AGECC) illustrates that access is often an incremental process starting with a focus on servicing basic human needs, but needs to move further to create a self-sustaining process based on local economic development (Christensen et al., 2012) . In this study we focus on interventions that target Level 1 energy access (basic human needs).
Data collection
The case studies used to test the best practice framework are taken from the GNESD Energy Access Knowledge Base (GEAKB). The GEAKB includes information about policies, projects or programmes which aim to enhance the access to energy services for poor households, communities or small-scale businesses. The GEAKB was developed by the UNEP DTU Partnership as a means to share detailed energy access case studies, initially provided by the 10 GNESD member centres that followed a predefined template. The template requires both quantitative and qualitative data concerning project objectives, outputs, barrier analyses, successes, failures, lessons learned, etc. This information is targeted at policy makers, project developers and other database users, providing a quick and simple overview of the intervention. Although the GEAKB aims to draw upon transparent and verifiable data, the case studies require additional information that is not always available in the GEAKB. In particular for the dimension of environment, most of the cases in GEAKB do not have sufficient information for the stated indicators and hence further sources, including official documents and 'grey literature', were drawn upon.
Case studies
In order to test the best practice framework, it must be applied at the operational level, i.e. against specific case studies of energy access interventions. We conducted an example valuation, against case studies from China, Bangladesh and Nepal.
Case study descriptions
Three interventions were selected as case studies: Sending electricity to towns (SDDX, China), Biomass Briquetting Technology: Domestic and Small Industrial (BBDS, Bangladesh) , and -Hydro Village Electrification in Nepal (MHVE, Nepal) (GNESD, 2013a; GNESD, 2013c) . Generally, the energy service needs are at the level of basic human needs for these three cases.
Micro
Sending Electricity to Towns (Song Dian Dao Xiang -SDDX)
The Sending Electricity to Towns project was designed with the aim of providing renewable energy-based electricity to rural remote areas. The SDDX project was launched in 2002 by the National Development and Reform Commission, aiming at providing electricity to around 200,000 households in 1,061 towns without grid connection (Gao and Zhao, 2006) . SDDX was implemented in 12 provinces including Gansu, Hunan, Inner Mongolia, Shaanxi, Sichuan, Yunnan, Xinjiang, Qinghai and Tibet. The total investment amounted to RMB 4.7 billion, of which 2.96 billion were funded by loans issued by the central government and the rest were from local governments (PMO, 2005) . The SDDX programme was one of the largest rural electrification projects in the world that combined small hydro, solar PV and wind power technologies. Between 2002 and 2004, 275 MW of small hydropower systems were installed in more than 300 townships (Stroup, 2006) .
Biomass Briquetting Technology for Domestic and Small Industrial uses (BBDS)
This project focused on building local capacities to design and construct an efficient briquetting machine and stove for small scale commercial and residential applications. Rice husk residue was used as a more sustainable alternative raw material for fuel briquettes than wood fuel and which, with improvements in the briquetting technology, has become more cost effective than traditional wood fuels (Bhattacharya, 2002) . The project was part of the "Renewable Energy Technologies in Asia" programme, funded by Swedish International Development Cooperation Agency (Sida), coordinated and implemented by various Asian countries between 1996-2003, including Bangladesh .
Micro-Hydro Village Electrification in Nepal (MHVE)
The Micro-hydro Village Electrification in Nepal (MHVE) is widely regarded as the most effective component of Nepal Power Development Project (NPDP), having distributed more than 250 micro-hydro units, supplying 50,000 households in less than ten years, despite significant technical, economic, political, and social challenges (Sovacool et al., 2011a) . The project was carried out as part of a national strategy through the Rural Energy Development Programme (REDP) that was funded by the Government of Nepal and multilateral donors including the World Bank (Sovacool at al., 2011b) .The micro-hydro systems provided continuous electricity to end users, based on a mini-grid system.
Case study results
Each intervention was evaluated by the authors against the set of indicators defined in Section 2.1, based on the information provided in the GEAKB. The weights for each indicator were also arrived at through the survey given to specialists, as described in Section 2.4. Table 3 summarizes the results of the evaluation and expert surveys on the SDDX, BBDS, and MHVE programmes. Following the established algorithm, the first step is the calculation of combined scores for each dimension, using Equation 3. As the weights of dimensions are assumed equal, the simple geometric mean is calculated to obtain the values of the overall Composite Indicator of quality of these interventions. The results of this procedure are shown in Table 4 . The combined index allows for a direct and quick comparison of how well each energy access intervention performs, and how they compared with the ideal ("best practice") performance.
In order to visualise these scores, the values I j calculated in step 1 are plotted in Figure 2, where each vertex refers to one of the five dimensions: social, political, financial, technical, and environmental. 
Ranking dependence on aggregation method choice
We have calculated the alternative values for each case study using linear aggregation (LA) method for step 1, step 2 or both. For these case studies, using LA did not change the ranking.
The difference in the indicator value was most pronounced for BBDS study, using LA resulting in values more uniform among all the studies, while using geometric aggregation distinguishes them more.
Discussion and conclusions
While the calculated results were broadly similar across the case studies, the MHVE programme appeared closest to the ideal or 'best practice' scenario, with the overall Quality Index of 4.5. In the language of 'best practice', the SDDX programme shows the highest development in its social achievements (5.00) and the lowest is the score in the political dimension (3.6). The BBDS project yields lower values than two other cases across all dimensions apart from 'technical', where is scores the highest among the three cases. The MHVE programme performs best in the social and political dimensions. In general, the greatest and most uniform benefits of the three cases can be noted in the social dimension.
That is, these three cases have had a strong positive effective on social progress, job creation and social acceptance, strengthening social capital, promoting mobility and the increased well-being of rural households. On the other hand, there are significant gaps between the 'political' category performances of the three cases. Notably, the MHVE programme scores Though there have been many attempts to develop platforms or approaches to measure the degree of energy access in various scales, or to create different models and propose algorithms for selecting energy technologies, the 'best practice' concept has not, prior to this study, been operationalized for EAIs. The development and application of a multidimensional framework is a simple but comprehensive tool to evaluate EAIs by employing a synthesis of aggregate individual indicators. The composite score of an intervention shows a performance level, rather than setting a goal.
This paper has presented a framework to develop and apply the concept of 'best practice' for EAIs. As a result of the complexity and multidimensionality of EAIs, it is important to establish what has worked and what are the barriers facing a specific intervention. Thus, the methods for measuring and monitoring are essential for tracking progress and achieving accountability. Our framework for 'best practice' simplifies the process of characterising and comparing EAIs, across a range of dimensions and contexts. The framework could be used to promote the best practice concept for energy access project planning and implementation, and it is thought that this study will be of value to policy-makers and development practitioners in the field of EAIs. To further understand the value and strengths of the framework, helpful first steps would be: to conduct a sensitivity analysis on the weights, broadening the sample of tested case studies, and checking the effect of aggregation methods, and other assumptions, on the observed results.
Reflecting more broadly on the value of efforts to develop best practice frameworks for project-based interventions, the methodology presented in this article highlights the inherent challenges and limitations to developing a 'one-size-fits-all' approach. By extension, we can observe tensions between the oft-stated desire by governments and OECD development agencies to refer to objective, absolute, measures of best practice, and the highly contextual realities within which specific projects are designed and implemented. The desire for comparable best practice data is also undermined by the common lack of baseline data, especially in less developed countries. However, the approach detailed in this article does offer a comparative means to highlight the relative strengths and weaknesses of any given project, informed by a mix of quantitative and qualitative data, which enables both ex-post assessments and project learning. This makes it a useful tool for both policy makers and project designers, applicable to different sector and aspects of sustainable development.
